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THE EFFECTS OF HKS-LIFT DEVICES ON THE LOW -SPEED STABILITY 
CHARACTEEISTICS OF A TAPERED 37-5° SWEPTBACK WING OF 
ASPECT RATIO 3 STRAIGHT AND ROLLING FLOW 
By M. J. Queijo and Jacob H. Lichtenstein 


SUMMARY 


An investigation has been conducted in the 6-foot circular test 
section of the Langley stability tunnel to determine the effects of split 
flaps^ nose flaps, and slats in various combinations on the stability 
characteristics in stral^t and rolling flow of a 37*5° sweptback wing 
of aspect ratio 3 , taper ratio O.U 9 , and MCA 23012 airfoil sections 
normal to the wing trailing edge . The Mach number and Reynolds number of 
the tests were 0.13 and 1,020,000, respectively. 

The results of the investigation Indicate that the variation of the 
parameters with lift coefficient is essentially the same at low and 
moderate lift coefficients for all the configurations tested. The high-lift 
devices extended the initial trend of the derivatives to higher lift 
coefficients, and in some cases also caused small displacements of the 
curves plotted against lift coefficient. Nose flaps were not as effective 
as slats in extending the initial trend of the curves to high lift 
coefficients. Combinations of split flaps and slats produced effects 
which were approximately equal to the sum of the effects of split flaps 
alone and slats alone. 


INTRODUCTION 


Estimation of the dynamic flight characteristics of aircraft requires 
a knowledge of the component forces and moments resulting from the orienta- 
tion of the airplane with respect to the air stream and from the angular 
velocity of the airplane about each of its three axes. The forces and 
moments resiilting from the orientation of the airplane normally are 
expressed as the static stability derivatives which are readily determined 
in conventional wind-timnel tests. The forces and moments related to the 
angular motions generally are expressed as the rotary derivatives and 
visually have been estimated from theory because of the lack of a convenient 
experimental technique . 
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In the Langley staMlity tunnel hoth the rotary and static stahllity 
derivatives can he determined with about the same ease, and a comprehensive 
prograjn is now under way to determine the effects of various geometric 
variables on both the rotary and static stability characteristics of wings 
and complete airplane configurations. A previous investigation into the 
effect of high -lift devices in yawing flow was reported in reference 1. 

The present investigation is concerned with the determination of the 
Influence of vario\is high-lift devices on the static and rolling character- 
istics of a 37-5° sweptback wing of aspect ratio 3, taper ratio 0.4-9, and 
NACA 23012 airfoil sections normal to the wing trailing edge . The wing 
was tested in combination with a circular fuselage. 


The results of the tests are presented as standard NACA coefficients 
of forces and moments which are referred to the system of stability axes 
(fig. 1 ) with the origin at the projection on the plane of symmetry of the 
quarter -chord point of the mean aerodynamic chord of the model (fig. 2) . 
The symbols and coefficients used herein are defined as follows: 


SYMBOLS 



lift coefficient 




longitudinal -force coefficient 




lateral-force coefficient 



rolling-moment coefficient 



C 


n 


yawing-moment coefficient 



C, 


m 


pitching -moment coefficient 



L 


lift, poiuids 


X 


longitudinal force, pounds 


Y 


lateral force, pounds 


L' 


rolling moment, foot-pounds 


N 


yawing moment, foot-pounds 
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M 

q 

P 

V 

S 

Id 

c 

5 

c ' 

X 

X 

J 

A 

A 

X 

a 

P 

2b 

2V 


pitching moment, foot-pounds 

dynamic pressure, pounds per square foot 



mass density of air, slugs per cubic foot 
free-stream velocity, feet per second 
wing area, sqmre feet (3-93 sq. ft) 
wing span, feet (3*2^ ft) 

chord of wing, measured parallel to plane of symmetry, feet 

ib/2 


mean aerodynamic chord, feet (I.O 96 ft) 



c2 dy 


local wing chord measured perpendicular to the wing quarter-chord 


line, feet 


longitudinal distance from the root-chord leading edge to the 
quarter chord at any spanwlse station, feet 

longitiidinal distance from the root-chord leading edge to the 
aerodynamic center, feet (0.90^*^ ft) 

perpendicular distance from the root chord to any point on the 
quarter-chord line, feet 

aspect ratio 



angle of sweep, positive for sweepback, degrees (37-5°) 

taper ratio, ratio of tip chord to root chord (0.^9) 

angle of yaw, degrees 

angle of attack, degrees 

rate of roll, radians per second 

wing-tip helix angle, radians 
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MODEL AM) APPARATUS 


The tests of the present investigation were made in the 6-foot circu- 
lar test section of the Langley stability tunnel. This section is equipped 
with a motor-driven rotor which Imparts a twist to the air stream so that 
a model mounted rigidly in the tunnel is in a field of flow similar to 
that which exists about an airplane in rolling flight '(reference 2). 

The wing used in this investigation was made of mahogany and had 37-5° 
sweepback of the quarter-chord line, aspect ratio 3, taper ratio 0.49, and 
NACA 23012 airfoil sections in planes normal to the wing trailing edge . 

The wing was mounted in a circular fuselage so that its root chord coin- 
cided with the fuselage center line. Figure 2 is a drawing of the basic 
model of this investigation. 

The high-lift devices used with the wing-fuselage combination were 
slats, nose flaps, and split flaps (fig. 3)- All slats had chords which 
were 10 percent of the wing chord (measured normal to the wing quarter - 
chord line) and all split flaps had chords which were 20 percent of the 
wing chord (normal to wing quarter -chord line) . The slats were made by 
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tending strips of -^-inch aliminum sheet to fit the contour of the wing 

16 

leading edge. A i- inch -wide strip of aluminum was riveted to the lower 

8 


surface of the slat leading edge, and then the leading edge was rounded 
smooth. This simplified construction probably did not result in ideal 
slat contours, but it shoiald be adequate for providing qualitative indi- 
cations of the effects of slats on the parameters investigated. 


The nose flaps were simxlLated by placing the slat trailing edge 
against the wing leading edge. Some overlap of the nose flap over the 
wing leading edge was necessary for proper mounting and, therefore, the 
nose-flap chord was about 9 percent of the wing chord. 

A deflection of 60° was used for all the split flaps. Nose flaps 
and slats were deflected 50° • 


Tests were made of the 10 model conf iguratlons indicated in figure 4. 
The word "wing" is applied to the wing-fuselage combination. The slats 

referred to as 0.5~apan slats extended from the 0.^ station to the wing 

tip, and the split flap referred to as the 0.5-span split flaps extended 

from the wing-fuselage Juncture to the 0.^ station. 


The model was mounted on a single-strut support into which was built 
a six-component strain-gage balance system by which all the forces and 
moments on the model could be measured. Figure 5 is a photograph of one' 
of the model configurations in the rolling-flow test section of the 
Langley stability tunnel. 


TESTS 


Two series of testa were made. The first aeries consisted of 
straight -flow tests In which the model yaw angle was varied from -5° to 5°, 
and the angle of attack was varied from about -4° up to or slightly beyond 
the stall angle . The second series of tests was made in rolling flow and 
covered the same angle -of -attack range as that used in straight flow. The 
rolling-flow tests were made at zero angle of yaw and simulated rates of 
roll corresponding to values of pb/2V of 0, ±0.0268, and ±0.0802. 

All tests were made at a dynamic pressure of 24.9 pounds per square 
foot, which corresponds to a Mach number of O.I3 and a Eeynolds number of 
1,020,000 based on the model mean aerodynamic chord (I.096 ft) . 
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CORRECTIOIK 


Approximate corrections, based on unswept -wing theory, for the effects 
of the Jet boundaries ha've been applied to the angle of attack and the 
longitudinal -force coefficient. No tare corrections were applied to the 
data nor were the data corrected for the effects of blocking or tvirbulence . 
It is believed that the omission of these corrections does not appreciably 
affect the derivatives of the forces and moments with respect to yaw angle 
and wing-tip helix angle (reference 3) • 


RESULTS AND DISCUSSION 
Presentation of Data 


The longitudinal characteristics of the various model configurations 
are shown as curves of a, C^, and Cjj^ plotted against Cl in figures 6, 

7, and 8, respectively. 


Cx, and 

The static lateral-stability parameters C, 




Oy are plotted in figures 9, 10, and 11, respectively; and 


the rolling derivatives C, , C , and Cy are presented in figures 12 , 

p P 

13 , and l4, respectively. The data for the 10 model configurations are 
divided into three groups in each f igure . The groups are (l) wing with 
split flaps, (2) wing with slats or nose flap, and (3) wing with combi- 
nations of split flaps and slats . The characteristics of the plain wing 
are included in each of the groups in order to provide a basis for com- 
parison with results obtained with various high-lift devices installed. 


Characteristics of Plain Wing 


The characteristics of the plain wing generally were good in that 
there were no abrupt changes in any of the derivatives up to approximately 
maximum lift. Tests of other swept wings (reference 4) had Indicated 
large changes in the derivatives at moderate lift coefficients . The 
more favorable characteristics of the present wing probably are a result 
of the moderate sweep angle in combination with a low aspect ratio. 


The pitching -moment curve of figure 8 is essentially linear up to 
the stall and has a stable break at the stall. 


The effective dihedral parameter C^^ Increased linearly with lift 

coefficient up to approximately maximum lift (fig. 9) and then decreased 
very rapidly beyond maximum lift. The directional stability of the 
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model increased approximately as the square of the lift coefficient 

(fig. 10) as might be expected from the theory of reference 5. At about 
the maximum lift coefficient, broke in a positive direction. 

The damping in roll Cj (fig* 12) showed some increase with lift 

P 

coefficient and, although this trend is not indicated by theory, it has 
been observed in other tests of swept wings (references k and 6) . Nega- 
tive damping ^positive obtained beyond maximum lift, indicating 

that the model would autorotate if it were free to rotate. The yawing 
moment due to roll Cnp was negative at all lift coefficients below 

maximum lift but became positive beyond maximum lift (fig. 13) . 

Some of the important measured derivatives of the model are simimarized 
in table I. The experimental resxats are compared with the approximate 
theory of reference 5 Qxid, where possible, with the theory of Weissinger 
(references 7 axid 8). The comparison between theory and experiment gener- 
ally is considered to be fair with the exception of The differ- 
ence between the theoretical and measured values of probably is 

caused by the wing-tip suction forces associated with asymmetric load 
conditions. Such forces were not accounted for in reference 5. Refer- 
ence 9 indicates that good agreement between theoretical and measvired 
values of might be obtained if the tip suction forces were 

accounted for. 


Effects of Split Flaps 

The 0 . 5 -span and 1.0-span split flaps produced lift-coefficient incre- 
ments of about 0.33 and 0.48, respectively, and these increments remained 
approximately constant, even to the maxlmimi lift coefficient. Tests of 
other swept wings (references 1 and 10 ) have indicated that flap effective- 
ness in producing lift generally decreases with increase in lift 
coefficient . 


Split flaps increased the longitudinal force very appreciably and 
made the pitching moment more negative . The elope of the pitching- 
moment curve was not appreciably affected by the 0 . 5 -span split flaps; 
however, the 1 .0-span flaps made the slope of the pitching-moment curve 
less negative. The 0. 5-span split flaps generally made less positive 

and the 1.0-span split flaps made C 2 ^ more positive. These displace- 
ments of the C^^-curve probably were caused by the shift in the center of 
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prGssture of the wing when flaps were deflected. The 0.5"3p9’ii split flaps 
shift the center of pressure inboard thus giving the lift forces on the 
wing panels shorter moment arms and making less positive. The 1.0- 

span split flaps shifted the center of pressure slightly outward (because 
the flaps did not extend through the fuselage) and made the -curve 

slightly more positive . 


The addition of split flaps generally caused minor displacements of 
the curves of the derivatives , C_ , and Cy plotted against lift 

^^ijf ^ p 

coefficient. The actual mechanism of the flap effect on these derivatives 
is rather complicated and has not yet been fully analyzed. At low and 
moderate lift coefficients the derivative was almost unaffected by 


the addition of split flaps. In this case the explanation seems to be 
straightforward, since the addition of split flaps would be expected to 
have little effect on either the magnitude or the location of the center 
of pressure of the Incremental load caused by rolling. For the model 
investigated, the addition of split flaps Invariably caused an extension 
to higher lift coefficients of the trends in the derivatives that were 
noted at low lift coefficients for the plain wing. 


Effects of Slats and Nose Flaps 

The addition of slats or nose flaps caused the lift curve to be 
extended to hi^er angles of attack, thus providing Increments in maximum 
lift coefficient amounting to 0.l8 for the 0. 5 -span slat, 0.39 for the 1.0- 
span slat, and 0.27 for the l.O-span nose flap. The nose flap and slats 
tended to move the aerodynamic center slightly forward, as is indicated by 
the decreased negative slopes of the pitching-moment curves (fig. 8) . A 
foirward shift in aerodynamic center would be expected since the nose flap 
and slats effectively extend the leading edge of the wing forward. 

In general, the leading-edge slats and nose flaps caused very little 
displacement of the cu 2 *ves for the various stability derivatives at low 
nnil moderate lift coefficients. The primary effect appeared to amomt to 
extensions of the linear (or smooth) portions of the curves to higher lift 
coefficients; however, the nose flap was not as effective as the slats in 
maintaining the linear trends to higher lift coefficients. A relatively 
large displacement, in a negative direction, of the Cj^-curve resulted 

from the addition of the l.O-span slat. The slats and nose flaps caused 
amw 1 1 increases in the damping in roll ^e^tive %) at moderate lift 

coefficients . This probably results from the effective increase in wing 
area that accompanied the addition of either the nose flaps or slats. 
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Effects of Combinations of Split Flaps and Slats 

In general, combinations of split flaps and slats had two major 
effects on the wing characteristics. One of these effects was the exten- 
sion of the linear portion of the curves of wing characteristics to higher 
lift coefficients, and the other effect was the displacements of some of 
the cm-ves. The data of figures 6 to ik indicate that these extensions 
and displacements are approximately what would be expected from the results 
obtained for the effects of split flaps alone and slats alone. Figure € 
Indicates that the combination of the wing with 1.0-span slats and 0 . 5 -span 
split flaps produces very nearly the same maximum lift coefficient as the 
wing with l.O-span slats and 1.0-span split flaps^ however, the pitching- 
moment variation at the stall is not as satisfactory for the former 
combination as for the latter combination. .An effect sho^m by the combi- 
nation of split flaps and slats (not shown by slats alone or split flaps 
alone) is the change In lift-curve slope at low lift coefficients for some 
of the configurations (fig. 6) . It is believed that the increase in damping 
in roll at low lift coefficients of some of the configurations (fig. 12) is 
associated with the changes in the lift-curve slope. 


CONCLUSIONS 


The results of tests made to determine the effects of high-lift 
devices on the stability parameters of a tapered 3?. 5° sweptback wing of 
aspect ratio 3 in straight and rolling flow have led to the following 
conclusions : 

1. The variation of the parameters with lift coefficient is essentially 
the same, at low and moderate lift coefficients, for all the configurations 
tested. 

2 . The high-lift devices extended the initial trend of the parameters 
higher lift coefficients and in some cases caused small displacements 

of the curves plotted against lift coefficient. 

3 . Nose flaps were not as effective as slats in extending the initial 
trend of the curves to high lift coefficients. 

Combinations of split flaps and slats produced effects which were 
approximately equal to the sum of the effects of split flaps alone and 
slats alone. 


Langley Aeronautical Laboratory 

National Advisory Committee for Aeronautics 
Langley Field, Ta. 
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TABLE I 

COMPAEISOK OF MEASCEED AND CALCULATED PAEAMETEES FOE THE PLAIN WING 


Parauneters 

Experimental 

Calculated 
(reference 5 ) 

Calculated 
(references 7 sjid 8) 

0 

9 

0.053 

0.0^7 

0.048 



f-i 

0 

.OOL 7 

.0035 



-.0012 

- .0010 


% 

-.250 

-.230 

-.237 


-.090 

-.047 



.45 

•47 




J 
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Figure 1 .- System of stability axes. Arrows indicate positive directions 
of forces, moments, and displacements. 
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Figure 2.- Drawing of wing -fuselage combination. 
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’Figure 3 .- Details of split flaps and slats. 




Mode/ 

number 

//\ode! (designation 

/ 


2 

yiing with lob nose flaps 

3 

^ing with asb slats 

4 

W//?^ with Lob stats 

5 

'^in^ with o.sb split flaps 

6 

W/y with lob split flaps 

7 

"Hing with asb slots and os b split flaps 

8 

Wng with wb stats and asb spht flaps 

9 

^ng with o.sb stats and i.ob sfdd flaps 

10 

W//y with lob slats and lob split flaps 




Figure 4.- Model configurations tested. 
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Figure 5.- Photograph of model in tunnel. Model has 0.5-span split flaps and 0.5-span slats. 
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Figure 6.- Effects of high -lift devices on the variation of angle of 
attack with lift coefficient for a tapered 37.5° sweptback wing. 
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Lift coefficient^ Ci_ 


Figure 7.- Effects of high-lift devices on the variation of longitudinal 
force with lift coefficient for a tapered 37.50 sweptback wing. 
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L/ft coefficient^ 



Figure 8.- Effects of high -lift devices on the variation of pitching 
moment with lift coefficient for a tapered 37.5° sweptback wing. 
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Figure 9.- Effects of high-lift devices on the variation of Cj 
with lift coefficient for a tapered 37.5° sweptback wing. 
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Figure 10.- Effects of high -lift devices on the variation of Cn 
with lift coefficient for a tapered 37.5"^ sweptback wing. ^ 
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Figure 11.- Effects of high-lift devices on the variation of Cy^ 
with lift coefficient for a tapered 37.5® sweptback wing. 
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Figure 12.- Effects of high -lift devices on the variation of 
with lift coefficient for a tapered 37.5° sweptback wing. 
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Figure 13.- Effects of high-lift devices on the variation of Cnp with 
lift coefficient for a tapered 37.5° sweptback wing. 
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□ wing with 0.5HipaB split flaps 
and 0.5-span slats 


y wing with 0.5-span split flaps 
and 1.0-span slats 





>wing with 0.5-span slats 



^wing with 0»5-wpttn split flaps 



Figure 14.- Effects of high -lift devices on the variation of CYp with 
lift coefficient for a tapered 37.5° sweptback wing. 


